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CORROSION  STABILIIY  OF  LOW-CARBON  AND  LOW-ALLOY  STS3L3  IN  33A  WAT3R 

G.  G.  Koshelev  and  I.  L.  Hoaenfel’d 

Carbon  and  l-jw-alloy  steels  are  basic  materials  for  building  of  shins  and' 
hydrotechnical  constructions.  Corrosion  stability  of  carbon  and  low-alloy  steels 
in  sea  water  has  been  studied  bj-  many  authors:  however,  there  is  no  single  opinion 
on  the  question  of  the  annraisal  of  corrosion  stabilit^;^  of  steels  in  sea  water. 

0.  7.  Akimov  /”l_7  considers  that  the  structiure  of  metal  plays  a  subordinate  role 
and  does  not  have  an  essential  influence  on  corrosion  stability  of  steels  in  sea 
water. 

A.  A.  Eabakov,  7.  F.  Negreyev,  et.  al.  on  the  basis  of  tests  of 

corrosion  stability  of  different  steels  conducted  in  the  Caspian  sea,  ccnside  ' 

*  #  • 

tne  speed  of  corrosion  of  low-alloy  steels  SKhLF  and  S?ChLF2  is  10 — 12  O/O 
lesis  than  that  of  carbon  steels, 

Steel  NL2  with  addition  of  1  O/O  aluminum  or  with  addition  of  3  O/O 
chrouiiian  has  a  speed  of  corrosion  25 — ^30  O/O  lower  than  that  of  carbon  steels. 

3.  G.  7edenkin  C-iJ,  on  the  basis  of  laboratory  investigations,  considers 
that  lo’./-allq.-  steab  nossess  higher  corrosion  stability  in  sea  water  than  do 
carbon. 

Generalizing  results  of  tests  of  steels  at  marine  corrosion  stations  in  a 
number  of  co’juitries,  F.  La-rCe  £kj  arrived  at  the  conclusion  that  alloying 
additions  in  quantities  of  no  more  than  5  O/O  have  practically  no  influence  <m  ■ 
the  sneed  of  corrosion  of  steels  in  sea  water.  Yu.  R.  3vans  /”5_7>  conversely, 
affirms  that  introduction  of  small  additions  of  copper,  aluminum  and  manganese 
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8i*niX^C£n»l7  lnGrs£968  ccrp^lon  sl-£bj.Xi.^y  or  sb-oslj!  1ji  S9£ 

I 

In  the  work  of  Hudson  and  Stanulrs  /”6_7  a**e  given  results  of  five-year 
tests  of  more  than  60  types  of  different  steels  in  atmosphere  and  in  the  sea. 
Results  of  tests  of  steels  in  the  sea  showed  that  additions  of  Ni  and  Cr  of  up  to 
3  O/O  increase  corrosion  stability  only  in  initial  period  of  test  (up  to  two  years): 
after  five  years  the  speed  of  corrosion  of  Icw-alloy  steels  is  of  the  same  order 

I 

as  that  of  carbon  iteel.  Increased  corrosion  stability  in  the  sea  was  shown  or'y 
by  steels  containing  aluminum  and  chromium.  The  different  opinions  about  tl.' 
corrosion  stability  of  carbon  and  low-alloy  steels  in  sea  water  do  not  allow  a 
simple  answer  to  the  question  of  what  kind  of  steel  it  is  expedient  to  apply  in 
naval  shipbuilding  and  in  the  building  of  naval  hydrotechnical  constructions. 

Therefore  the  Institute  of  Physical  Chemistry  of  the  Acadet^r  of  Sciences  of 

I 

USSR,  together  with  the  factor:/  imeni,  Il'yich  conducted  work  in  the  investigation 
of  corrosion  stability  of  the  steels  Steel  3*  SKhLl,  MSI,  and  MK  in  the  sea. 

Testa  were  conducted  for  the  purpose  of  ascertaining  the  influence  of  allojdng 
components,  thermal  processing,  and  the  presence  of  scale  on  the  corrosion 
stability  of  the  enumerated  steels.  All  the  types  of  steels  were  smelted  by  ti.o 
factory  imeni.  Il’^dlch  in  open-hearth  fvurnaces  by  factory  procedure.  The 
chemical  composition  of  the  steels  is  given  in  Table  1.  Billets  were  rolled  to 
sheet  3im  thick.  Some  of  the  sheets  v»re  additionally  subjected  to  normalization 
at  a  temperature  of  900®  and  subsequent  tempering  at  a  temperature  of  650®.  Thus, 
all  tipjes  of  steels  were  prepared  for  tests  in  three  forms:  1)  as-delivered;  2) 
heat  treated  with  scale;  3)  heat  treated  without  scale. 

I  ■  . 
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Table  1 


Chemical  composition  of  studied  steela 


Cwwriin—  ummtmim,  % 


1  WapM 

1  trim 

c 

Ma 

M 

1 

r 

t 

Or 

XI 

Ca  ' 

9  Ct.3 

0,15 

0.42 

cJjm 

0,024 

0,037 

4cxm 

0,18 

0,53 

0.50 

0.034 

0,030 

0,88 

0,38 

0,34 

iTMCl 

0,12 

0.00 

0.00 

0,028 

0,028 

0,25 

I  1,08 

0.33 

^MK 

0,12 

1.55 

0,88 

0,031 

0,025 

0,14 

Clean 

0,40 

1)  Type  of  steel;  2)  Contents  of  elements,  O/O;  3)  Steel  3j  U)  SKhU.;  5)  MSI; 

6)  MK;  7)  Traces. 

Samples  with  dimensions  of  260  X  180  X  3  nun  were  fixed  in  steel  frames  (Fi£. 
1).  For  the  purpose  of  assui'ing  insulation  the  samples  were  secured  by  porcelain 
insulators.  Frame  with  samples  was  nlaced  on  a  floating  stand  (Fig.  2).  With 
this  the  upper  row  of  samples  was  disposed  at  a  depth  of  300  mm  from  the  level  r*"' 
the  sea,  and  the  lovrer  at  a  depth  of  850  mm. 

Test  of  samnles  >as  carried  out  at  the  corrosion  station  IFKh  in  Dal':.i;-e 
Zelentsy  Bay  on  the  Barents  Sea. 

The  composition  of  the  sea  vra,ter  at  the  test  site  corresponds  to  the 
ccannositi  on  of  oceain  water. 

3*Teed  of  Corrosion  of  Steels  in  the  Barents  Sea 

Data  on  the  corrosion  of  steels  after  3i:c  years  of  full  submersion  in  the 
sea  are  given  in  Table  2.  Frcci  table  it  follows  that  the  total  corrosion  effect 
after  six  years  constitutes  2.5 — 3  kg/m^,  or  420 — 600  g/m^  per  year. 

For  convenionce  of  ccsnparison  of  corrosion  stability  of  the  tested  steels,  the 
weight  losses  of  Steel.  3»  at  all  forms  of  processing,  are  taken  as  100  O/O,  The 
given  data  show  that  the  corrosion  stability  of  low-alloy  steels  in  the  rolled 
state  is  20~28  o/O  greater  than  that  of  Steel  3. 
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Thermal  nroceaaing  of  lov/-alloy  steels  does  not  have  an  essential  influence 


on  their  corrosion  stabiiicy  in  sea  water.  Loss  of  weight  of  }!eat~treated  steels 
is  less  than  that  of  the  same  steels  in  the  rolled  state,  bit  this,  apnarently, 
is  stinulated  by  the  oartial  destruction  of  scale  during  of  heat  treating. 


Fig.  1.  Frame  with  samoles,  lifted  above  the  sea  stand. 


Fig.  2.  Floating 


Thermal  processing:  of  low-alloy  steels  does  not  have  an  essential  influence 
on  their  corrosion  stability  in  sea  water.  Loss  of  weight  of  heat-treated  steels 
is  less  than  that  of  the  same  steels  in  the  rolled  state,  but  this,  apnarently, 
is  stioulated  by  the  oartial  destruction  of  scale  during  of  heat  treating. 


Fig.  1.  Frame  with  samoles,  lifted  above  the  sea  stand. 


Fig.  2.  Floating  sea  stand. 


As  a  result  of  this  scale  was  renoved  free,  heat  treated  steels  in  the  first  years 


_ _ —  -/♦  —  ..  —  _ r» _  _ j  A,t_  1  A  *.*,  ^___  -j _  ^*_  j  « 

';x*cr>cx’/ttL-i.vn  Ji  auctit?  o:j  a'Aiici^je  A^/ortJU  tn«  wor.^.  oi  X/r*«  ;»C£ixe  xron  paxr#  ixjxa 
orobable,  stipulated  the  sa.rewhat  higher  speed  of  corrosion  of  steels  in  the 
rolled  state. 

3teel  ”31  corrodes  at  a  scr.evrhat  lo'..er  speed  than  other  steels  ;d.th  a  shot- 
oeored  surface  —  its  loss  in  weight  ’.vas  less  (/+20  g/ni  per  year)  —  and  steel 
3!<hLl  disolays  the  biggest  losses  in  ^veight  (520  g/n  ),  3teel  3  and  I'*'  "'ccuny 
a  middle  position,  iteel  3,  -31,  and  :!>:  after  shot-oeening  have  smaller  ijsses 
of  -weight  than  steel  JFChLl.  In  general,  the  weight  losses  of  carbon  and  low-alloy 
steels  from  which  scale  has  been  removed  are  aooroxjnately  identical. 

Table  2 

•^•/erage  s-oeed  of  corrosion  of  steels  of  different  ty-'es  in  the  Parents  lea 
after  six  years 
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Ct.31^ 

3840 
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1 
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3060 

513 

80 

MCI  1“*- 

3140 

5.^ 

81 

^  TepMHYecKii  o(Spa6oTaHaue  e  araxiiaoi 

MK,'^ 

2850 

491 

72 

Ct.3  /< 

2810 

485 

100 

CXJIW/ 

3010 

501 

103 

MCI  /« 

2820 

470 

97 

MK/1 

2810 

468 

98 

T^pMH^ecKii  oCpa6oTaBHu«  ApoGeerpypn- 

Ct.3  /Oj 

2820 

470 

100 

'  IIUO 

CXill  // 

3160 

512 

loe 

MCI  i* 

2520 

420 

88 

MK,5 

2890 

448 

96 

])  T.-ooe  of  orocessir.f  of  steels;  2)  Ty>e  of  steel;  3)  loeed  of  corrosion  —  Loss 
of  weight,  r/m,  ;  4)  After  6  years;  5)  average  cer  year;  6)  lelationshio  of  soeed  of 
corrosion  of  steels  of  -/ario-js  t;'ne3(3teel  3  taken  as  IC/ij  ^"./O);  '’)  ?.oilir.g  -.rith 
scale;  3)  I-eat  treated  \dth  scale;  9)  heat  treated,  shot-oeened ;  11)  iteel  3;  H) 
oPhLl;  12)  :31;  13)  MK. 

almost/ 

Loss  of  weight  of  steel  S'-lil.l  with  scale  and  witho'-it  scale  -waV identical. 
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In  Fi;;.  3,  U,  and  5  are  gi/en  curves  of  the  tine  dependence  of  corrosion  of 


steels.  J-Toed  of  corrosion  of  steels  with  tine  decreases.  This  anparentl;."  is 
oKolainod  by  the  fact  that  in  the  first  years  of  tests  occors  destruction  of  scale 
ooc’irs,  as  a  result  of  which  the  weight  losses  of  steels  are  higher  in  the  initial 
oerJo'J  of  corrosion .  In  suLscquent  years  the  soeed  of  corrosion  of  steels  is  less 
owir.r  to  the  absence  of  v;ei(;ht  losses  caused  by  destruction  of  scale  and  to  a 
certain  hraklnf  of  soeed  of  corrosion  due  to  overgrowth  of  the  r.etal  surface  by 
oroducts  of  corrosion,  iteel  3  in  the  as-delivered  state  during  the  oerlod  of 
six  years  was  corroded  at  the  hiphest  soeed,  and  steel  V.Y. — at  the  I'v/est. 


Fir.  3-  Loss  of  weight  o’’  sanolcs  of  steel  of  different  '-yoes  I.-,  as-ucl:  •  ,u 
stale,  olaced  in  sea  in  for  six  years. 

1 — fears;  2 — Kc/nn*^;  3 — Steel  3;  h — I'Sl:  5 — iKhL-/*:  6 — 


Fip. 
for  six 
1 — Years 


ears . 

2-6 — sane  as  Tip.  3. 


placed  in  sea  in 


Vlr,.  5.  Lo33  o*'  v;eicht  of  sarcolos  of  sloel  without  2oal3,  )la:ed  5n  sea 
for  six  years. 

1 — Years;  2~.o — 3ar..e  as  Fig.  3 • 

Table  3 

Jteol  sarole  surface  area  on  v/hich  scale  v.as  retained  after  six-year  tests 
in  the  Parents  iea 
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y  eCptPUBP 
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38 

4 

TepMa<iMKK  o^paGoiamiiM 

23 

2 

tv 

CX.ll  C 

f  IIpOMT 

22 

2 

TppMa<iecKB  oOpMdcTamnie 

10 

1 

’  MCI  7 

i  IIpOKir 

405 

42 

TrpMii<ifCKa  o<!paCoTainMe 

19 

127 

14 

MU  -5 

»« 

f  llpoKar  • 

242 

28 

TrpMn^ecKB  o<Spa6oT«Ntiu« 

69 

7 

1)  T"pe  of  steel;  2)  Form  of  prooessing  of  steels;  3)  /Vrea  on  which  scale  was 
reta^r.ei;  U)  O/O  of  general  surface  area  of  sanples;  5)  Steel  3;  6)  SiCoLl;  V)  IISl 
-■)  Mi:-,  9)  .lolling;  1C)  Heat  treated. 
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3toel  in  the  heat  treated  condition  corrodes  at  a  soneiMt.at  lesser  speed 
(Fig.  U)  than  steel  in  the  as-delivered  state.  3pced  of  corrosion  of  steels 
with  shot-neenod  surfaces  is  less  than  that  of  steels  with  scale.  This 
indicates  the  significant  role  of  scale  in  strengthening  corrosion.  Carbon 
and  low-alloy  steels  free  fron  scale  corrode  in  sea  water  at  annroximately 
identical  speeds. 

From  the  data  of  Table  2  it  follows  that,  weight  losses  of  steels  in 
the  as-delivered  state  are,  on  the  whole,  larger  than  those  of  heat 
treated  steels  with  scale.  To  ascertair;  the  factors  affecting  the  corrosion, 
resistance  of  as-delivered  and  heat  treated  steels,  tlie  surface  area  on  which 
scale  remained  after  tests  './as  calculated.  'alculat''_on  data  are  presented 
in  Table  3.  From  consideration  of  the  table  it  follo’.vs  that  on  as-dcli/ered 
samples  of  steels  the  surface  a^oa  or.  v/hich  scale  was  retained  is  2 — 3  times 
greater  than  that  on  heat  treated  samples. 


r 


Aooarentiy,  heating  of  steel  sheets  to  high  teimeratures  leads  to  additional 
growth  of  scale  and  the  aooearance  in  it  of  r.icro-cracks  duo  to  the  different 
coefficients  of  exoansion  of  scale  and  base  metal — steel;  this  oromotes  faster 
destruction  of  scale,  '.'.'eight  losses  of  steels  in  as-delivered  state  were 
sonev/hat  larger  than  those  of  heat  treated  steels.  This,  aoparently,  was  stinulated 
bg  the  more  prolonged  work  of  the  scale  metal  pa.rs  on  steels  in  as-delivered 
state.  Cn  samnles  of  steels  1131  and  scale  was  retained  significantly  longer 
than  on  Steel  3.  This,  probably,  was  stioulated  by  the  presence  of  alloying 
Cfjmoonents  in  the  steels. 

It  v/as  noted  that  steels  v/ith  scale  have  a  more  clearly'  expressed  inclination 
to  corrosion  vdth  “orination  of  deep  nits.  Tc  clarify  this  ohenonenon,  notentials 
were  meas'ored  of  sectio.ns  vdth  and  witho-ut  scale  on  one  and  the  same  sainole  of 
every  tested  ty':)e  of  steel  binder  incfjmplete  oolarization  of  the  syste.Ti,  The 
v/as  attained  by  aopl:'inf,  by  snecial  nrocesses,  electrol;'te  onl:/  on  section  je 
notential  was  meas’ired.  keas'ire.ment  of  notentials  v/as  conducted  in  sea  water, 
^'eas'irement  data  are  oresented  in  Table  4.  Krorn  an  examination  of  the  table  it 
is  clear  that  sections  vdthout  scale  have  r.ore  negative  ootentials  than  sections, 
co'/ered  vdth  scale.  The  difference  of  ootentials  of  these  sections  for  steels 


3'rrLl  and  M31  constitutes  near  27  millivolt,  but  for 


and  .'1'  — 


millivolt. 


Thus,  0".  s  S' face  of  ste'^ls  there  are  oor.-^arati  .'ely  stronr  oairs  v.iere  the 
cathode  is  the  sections,  covered  with  scale,  ar.i  the  anode  —  sections  of  steel 


vdthoJt  scale.  3ince  or.  steels  SrJiLl  and  1131  the  difference  of  notentials  of 


these  sections  is  greater  than  on  Steel  3  and  MK,  the  inclination  of  these  steels 
to  nitting  vdth  formation  of  deen  seats  is  significantly  larger. 
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Table  4 


Sirface  potentials  of  sar.oles  on  sections  with  and  without  scale  in  sea  water 
(in  relation  to  hydrogen  electrode) 


Map».a 

cra^m 

noremuM 

r^arTHO* 

OMnaiy. 

e 

OkiJIBSOA*  MO 

P^Moetk 

■onaiMMM 

^  Ct  .3 

-322 

1 

—308 

14 

,  CXJIl 

-323 

-297 

26 

rt  MCI 

-327 

-299 

28 

i 

-360 

-346 

14 

l)  TP'oe  of  Soeel;  2)  Potential  of 
of  sections  v/ith  scale, nilli /olt ; 
3;  6)  3KhU;  7)  Mil;  3)  IOC 


sections  without 
4)  Difference  of 


scale, nillivolt;  3)  Potential 
potentials,  millivolt;  5)  iteel 


Deoth  of  Corrosion  Pits  Cn  iteels  After  Tests  in  the  Barents  >ea 

■/.'eipht  losses  of  steels  due  to  oittinp  cannot  comoletel;'  characterize  their 
behavior  in  sea  v;ater,  e3peciall.v  since  the  difference  in  weip.ht  losses  of  lov;- 
alloy  and  carbon  steels  is  insignificant.  In  this  case  data  on  the  depth  of 
corrosion  pits  are  one  of  main  indices  characterizing  the  corrosion  behavior  of 
steels  in  the  sea. 


Table  5 


(iee  Table  5  Cn  rollovdr.g  Page) 
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Table  5 


Denth  of  corrosion  ojts  on  steels  tested  in  the  Parents  Sec 
(original  thickness  of  sanoles,  3Em) 
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0.65 

0.24 

0,65 

0,069 

* 

o 

Ct.3  /S 

0.47 

0,70 

t 

0,30 

0.68 

0,19 

0.43 

0,062 

9 

CXJll  /V 

0.40 

0.45 

0,27 

0.58 

0,28 

0,70 

0,064 

>'11 

MCI 

0.47 

0.64 

0,28 

0,55 

0,30 

0,61 

0,060 

ri 

H 

MK  /4 

0.34 

0.61 

0,27 

0,53 

0,23 

0,57 

0,060 

1  Ct.3  ^ 

0.32 

0.54 

0.20 

0,57 

0,19 

0,39 

0,060 

\  r- 

c 

1  CXJll/ y 

0.42 

0.59 

0,21 

0.65 

0,22 

0,71 

0,065 

11 

p; 

MCI//' 

1 

0.34 

0.34 

0.47 

0,51 

0,25 

0,20 

0,54 

0,50 

0,23 

0.18 

0.43 

0,49 

0,064 

0,067 

1) 
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'lethod  of  orocei-jing  of  steels;  2)  T:T)e  of 
after  2,  3  rears;  5)  average;  6)  gieatest: 
,iverare  loss  of  thickness  after  6  years  of 
)  ’;eat  treated:  L2)  shot-oeened;  13)  Steel  3 


steels;  3)  Deoth  of  pits,  nan, 

7)  after  h  years;  ')  after  5  years 
corrosion,  mr./year:  10)  .kolled; 

;  14)  SrS^Ll;  15)  kJl;  16)  MK. 


keasurenents  of  the  de 
samples  at  tv.-enty  -'oints  on 
in  the  deepest  olaces.  In  ' 
tested  in  he  Parents  Sea. 


"'th  of  attac!'  were  r.ade  by  ns  on  both  sides  of 
a  diar-'-'.al.  Oenth  of  nits  v;as  r.eas'ired  at  ten  points 
Table  5  are  given  data  on  the  death  of  pits  in  steels 
Proir.  examination  of  the  table  it  is  clear  that  the 


greatest  ^.c;nth  of  pits  -./as  observed  at  the  end  of  t'wo  years'  irmersion  of  the 
steels  5n  the  sea;  in  subsequent  "'ears  the  average  death  of  nits  v/as  sonev.-hat 
decreased.  This  is  sti'^ulated  by  the  fact  that  in  the  first  years  of  the  test 
corrosion  nr-'ceeded  on  s.nall  anodic  sections  in  olaces  where  the  scale  v/as 


danaged.  ..'ith  an  increase  in  test  tine  the  surface  of  the  anodic  sev^tions 


increased  due  to  destruction  of  scale,  and  as  a  result  of  this  corrosion  oroceedod 
flovred  more  evenly  o/er  tne  v.'hole  s-irface  of  the  sample. 


it* 


^  ttitt 

Fip.  6.  Change  \vith  tijne  of  deoth  of  corrosion  oits  on  steels  in  tine. 

3'olid  c’ja'ves — as-deli /ered;  dotted  c  irves — without  scale 

1 — Average  deuth  of  attach,  rrm;  2 — Years;  3-“3;l:L-l;  4 — !!3-l;  5 — IK; 

6 — Jteel  3* 

In  Fig.  6  are  oresented  carves  of  change  in  tir.e  of  deoth  of  oits  on  steels 
vrth  and  vdthout  scale.  From  the  dravring  is  clear  that  deoth  of  corrosion  oits 
on  steels  of  all  tyoes  decreased  vath  tine.  Froir.  tl-.e  dra;ving  also  it  is  clear 
that  ICi  steel  corrodes  the  nost  ever.2.y.  Deeoer  corrosion  pits  v/ere  detected  on 
steels  3YhLl  and  Y31  ’.-rith  scale.  In  se;^arate  places  the  deoth  of  oits  on  these 
steels  attained  1.5  rn;  on  two  samples  the  attack  went  through. 

In  the  last  column  of  the  tables  are  oresented  data  on  the  decrease  in 


thicl-Tiess  of  steels,  calculated  from  their  v/eight  losses  after  six  years.  The 
thickness  of  the  steels  was  decreased  by  f.r6 — nn/year;  the  difference  in 


the  decrease  of  thick.ness  of  different  steels  v;as  insignificant. 


Chances  of  Mechanical  Properties  of  3teels  Cvring  to  Corrosion 

Another  very  important  index  of  corrosion  of  steels  is  the  change  in  their 
mechanical  properties  in  the  process  of  corrosion.  Ultiinate  strength  after 
corrosion  is  also  characterized  by  the  irregularity  of  corrosion,  since  faiTore 
occurs  in  the  weakest  section  of  the  sample.  In  Table  6  are  given  data  on  the 


Jl 


loss  of  machanical  pronertios  of  steels  during  full  suhoersion  in  the  sea,  after 
five-year  tests.  In  the  calculation  of  loss  of  isechanical  properties,  loads  were 
referred  to  the  initial  Section  of  samples. 

From  examination  of  the  table  it  follows  that  loss  of  yield  point  #  and 

3 

•iltimate  strength  for  steels  with  different  processing  constitutes  20—35  O/O 
after  five  yetrs. 

Loss  of  plastic  orooerties  t  by  steels  d’oring  the  test  period  was  somewhat 
loss,  however,  constituting  10—30  O/O.  iteels  with  shot-peened  surfaces  showed 
a  somewhat  smaller  loss  of  mechanical  properties,  especially'  elastic. 

oteels  3KhLl  and  1131  disolayed  the  greatest  loss  of  mechanical  properties 
vrith  all  forms  of  nrocessing,  and  steel  IlK — the  least.  Plastic  properties  of 
steels  3KhLl  and  M31  vrere  lovrered  twice  as  much  as  those  of  steel  MK. 

In  Fig.  7  are  presented  curves  of  change  of  yield  point  #5  (1)  and  ultimate 
strength  a  (I/)  of  as-delivered  due  to  corrosion.  The  curves  have  a  large 

Aw 

inclination  angle  in  the  first  two  year  of  tests, wliich  attests  to  the  signifi  .nt 
decrease  of  yield  in  this  period.  This  is  explained  by  the  fact  that  corrosion 
in  the  first  years  of  test  of  steels  with  scale  proceeds  mainly.'  at  the  exoenrse 
of  formation  of  local  pits  in  places  where  scale  is  broken  or  comnlotely'  removed. 

After  two  years  the  corves  of  yield  point  and  ultimate  strength  have  a 
very  insignificant  slooe,  v/hich  is  explained  by  great  uniformity  of  corrosion. 

On  the  same  drawing  are  shown  curves  of  change  of  yield  point  (II)  and 
ultinato  strength  (7)  of  heat  treated  steels  in  the  course  of  the  tests.  From 
the  drawing  it  is  clear  that  steel  JrChLl  with  variant  of  processing  showed  the 
most  significant  losses  of  yield  noint. 

The  mechanical  properties  of  low-alloy  steels  vrith  shot-peened  surfaces  are 
Ipweg-with  time  to  an  approximately'  equal  degree;  (curves  III  and  VI,  Fig.  7). 


Fip.  7.  Change  of  yield  pointy  ,  and  tensile  strength  during  corrosion 
of  steels  in  sea  water. 

I — 17 — with  scale,  as -*de  live  red;  II-7 — with  scale,  heat  treated;  III— 71 — 
wlthotit  scale. 

1— Months;  2— ^3,  Kg/ircn^;  3 — ’OC;  U — 1-3-1:  5 — 3KhL-l;  6 — Jteel  3  (3-6  are 
the  sane  in  all  diagram ) . 

That  fact  that  MK  steel  with  all  form  of  processing  has  aonroximatsl;'’ 
idenlica]  losses  of  nechariical  properties  indicates  that  this  steel  ceriodes  r.oro 
evenl,"  than  the  other  steels.  This  confirr^s  our  conclusion,  nade  on  th.e  basis  of 
t!,e  external  amearance  of  samples  of  '/.y.  steel. 

As  v/as  already  indicated,  the  greatest  loss  of  r.eciianical  properties  with 
all  variants  of  processing  was  shown  by  steel  3;2'iLl.  •  Large  losses  of  neciianical 
oronerties^y  steel  of  this  t;.7)e  are  stipulated  nainl;.*  by  the  fact  that  its 
corrosion  nroceeds  less  evenly  than  that  of  the  other  steals  tested,  with  the 
formation  of  local  deeo  nits.  |  h 


Jtesl.  .{31  .'r.apnit'ide  of  losses  of  rachanical  properties  occiioies  second 


Place. 


Mecha.'iical  properties  of  Jtoel  3  prior  to  test  were  approxirtately  on  23~36 
'yfj  lower  than  those  of  the  low-allo"  steels  iKhli,  >131  and  >X,  Loss  of  mechanical 
strenpth  by  jteel  3  wlthoii.  scale  in  five-year  tests  appeared  to  be  soneidiat  less 
than  losses  of  3teel««  1  a.nd  I-tll;  hot/ever,  the  Mechanical  strength  of  3teel  3 
after  the  tests  was  approydr.ately  25  O/O  less  than  the  reraaining  strength  of.  steels 
3^'hl.l  and  Mol.  !  ; 

Table  6 

1,033  pf  macharical  properties  of  low-allo^.'  steels  after  5-;'oar  test  in 
Parents  iea.  i 


I)  Processing  of  steels;  2)  Tr'pe  of  steel;  3)  Yield  point  (^3),  l^g/ra:.^;  U)  Prior 
to  tost;  3)  after  test;  6)  loss  of  yield  point,  0/0;  7)  Tensile  strength  (vp), 
kC/rxii^;  8)  loss  nt  strength,  O/u;  9)  P.lonpation  (; 5  ) ,  O/O;  10)  Polled  with  scale; 

II)  !ieat  treated  with  scale;  12)  r’eat  treated,  shot-neened;  I3)  Iteel  3;  1/,)  JKhLl; 

15)  Mil;  16)  >n(.  t;  ; 


Analysis  oi  losses  oi'  r.echar.ical  nrooerlies  of  steels  due  to  corrosion 
showed  that  a  sifTnificant  'overir.g  of  mechanical  nrooerties  of  steels  with  scale 
occuis  in  the  first  two  years  of  test,  in  the  sea:  in  subsequent  years,  lowering 
of  mechanical  orooerties  occurs  more  slowly.  Lowering  of  nechani''al  nrooerties 
of  stuels  without  scale  occurs  evenly  over  the  entire  test  period.  Ultimate 
strength  of  Steel  3  si"d  'Ih  \d.th  scale  w-as  lov/ered  by  23  a-'id  of  steels  S’AhLl 

and  !'.51  by  32  O/O.  lowering  of  the  \ield  noir.t  of  bteel  3  and  Iff  without  sca^e 
constitutes  23  O/O,  and  for  staels  SKhLl  and  MSI  —  27  O/O. 

Thus  the  data  on  the  change  of  mechanical  strength  after  corrosion  confirmed 
the  conclusions  that  steels  SKiiLl  and  ’LSI  corrode  less  uniformly  than  Steel  3  and 


MK. 

Steel  'IK,  both  with  and  witnout  scale,  showed  the  least  losses  of 
mechanical  orooerties.  After  tests  the  rr.eci’.ar.ical  strength  of  this  steel  was 
30 — 3/  O/O  greater  tha-n  that  of  Steel  3. 

Thus  from  consideration  of  the  data  on  loss  of  weight  ard  mechanical  strergt 
in  the  course  of  six-year  tests  in  the  sea  .t  can  be  concluded  that  additions  ij, 
steel  of  the  alloying  comoonents  On,  Mi,  Cr,  ana  Mn  in  a  total  not  exceeding 
2.5  O/O  do  not  increase  the  corrosion  resistance  of  steels  in  sea  v.'ater.  '..eirht 
losses  of  these  lov/-alloy  steels  d’oring  tests  in  natural  atmosphere  were  2 — 3 
times  less  than  those  of  carbon  steels  3o  great  a  difference  in  the 

corrosion  behavior  of  steels  in  the  sea  and  the  atmosphere,  ap’^arently,  is 
explained  b;  several  causes. 

It  is  Icnown  that  the  orocess  of  corrosion  of  steels  in  sea  water  proceeds 
vdth  oyz'g&n  depolarization.  Consequent!:',  tr.e  speed  of  corrosion  is  basicall:/ 
determined  by  the  diffusion  rate  of  ojq.'gen  into  cathode  sections  of  the  metal. 

oven  with  a  small  quantity  of  cathode  sections  the  entire  content  of  oy^t  3n 

in  water  can  be  used;  th.jr  access  of  the  limited  by  diffusion  rate.  A 

further  increase  in  the  number  of  cathode  sections  does  not  bring  with  it  an 
increase  in  the  quantity  of  ox:.'£en  arriving  at  the  cathods  in  a  unit  of  time. 


As  a  result,  tne  corrosion  of  steels  nroceea  at  a  sinrle  soeed,  rer.ardless  of  how 
much  of  the  surface  of  tne  r.etal  is  constituted  of  cathode. 

Another  cause,  thanks  to  v/hich  carbon  and  low-allov  steels  corrode  sea  water 
at  identical  sneeds,  consists  in  the  fact  that  if  the  corrosion  orocess  oroceed 
so  that  cathodic  and  anodic  nolarization  nlay  identical  roles^,  then  change  of 
area  of  cathode  wi  not  bring  vd.th  it  an  increase  in  corrosion  current.  This 
is  illustrated  granhically  by  the  ivans  diagram  (Fig.  3). 


I) 

Fig.  8.  Tvans  diagraim,  showing  that  naximam  corrosion  current  does  not 
change,  if  with  an  increase  in  Fj^  there  is  a  slr.ultaneous  decrease  in  F^, 
with  a  corresponding  change  of  polarization  (G.  7.  Akijnov  /~1_7). 

1)  Maxir.Jira 

Conclusions 


Results  of  six-year  tests  of  steels  in  the  Parents  Sea  showed  the  following. 

1.  T  le  low-alloy  steels  SKhLl,  I’Sl,  and  and  the  carbon  steel  Steel  3 
d'uring  full  subniersion  in  the  sea  corrode  at  aooroxir.atel’,'  identicaJ  soeeds. 

Their  wight  losses  after  six  •’^cars  constituted  2.5 — 3  kg/m^.  The  average  soeed 
'■f  corrosion  of  the  steels  d'O'ing  full  subr.ersion  ir  the  sea  constitutes  0.5 
k'/ni^  year.  Ferr.eability  or  loss  of  thic.kness  of  metal  constitutes  0..6  nm/ 

; ear  (calculation  on  even  corrosion). 


2,  Steels  3'T.Ll  and  !;31  have  a  somewhat  larger  ;ncli>'.ation  to  pitting  than 

Steel  3  ^nd  which  corrrte  more  eve-ly;  iteel  3  corrodes  especiall;' 

e^'eniy.  Oe-'th  of  corrosion  oits  of  steels  jrr.Li  and  TJl  after  five  years  attains 

j  iKTi,  but  deoth  of  corrosion  oits  on  Sueels  3  and  iPi  constitutes  only  0./, — 0.6  mri. 

3.  3oeed  of  corrosion  of  steels  without  scale  is  5-10  O/O  less  than  that 
of  steels  vath  scale.  3tee  3.0  vrLt^no'  it  scale  corrode  nore  evenl;/  than  those  with 
scale. 

k.  Heat  treatment  of  Steel  3  increases  its  corrosion  resistance  by  20  O/o. 
Heat  treatnent  of  steels  MSI,  SKhLl,  and  IK  does  not  have  an  essential  influence 
on  their  corrosion  resistance. 

5.  Loss  of  mechanical  strengtli  of  steels,  i,e.,  less  of  ultimate  strength 
and  yield  '^oint  after  five-year  tests  in  the  sea,  constitutes  from  2C  to  37  O/O. 


I  ^ 


/ 


T  ^  *u^  _ _ _ i  -j  _ _ ^*.z*...x^  ^.•_.  ^r\ 

ij'j^^  \Ji  '>Jijcx^i^^\^  .fi  \j  7^1  ao.  o««o  9cu.:o  j^s  i^uiia  u.^  ^uu^  x  i  vjt:i  xv 

to  30  0/0. 

6,  Steels  S;<hLl  and  M31  showed  somewhat  larger  losses  of  mechanical 
nroperties  than  Steel  3  a^d  rlK. 

7.  I'lK  Steel  with  all  variants  of  'processing  has  amroxijrately  identical 
loss  of  mechanical  orooerties,  which  attests  to  the  evenness  of  the  corrosion 
of  this  steel  stood. 


Conclusion 

The  average  soeed  of  corrosion,  in  the  sea  of  the  tested  steels  is  almost 
identical.  Consequent  I;/,  alloying  by  small  additions  of  Cr,  Hi,  Cu,  and  Mn  does 
not  increase  corrosion  resistance  of  the  steel  in  the  sea  to  a  noticeahle  degree 

Low-alloy  steels  differ  from  carbon  by  the  fact  that  th.e”  cornc  !e  less 
evenl;/  in  the  sea.  1^3  nrcnotes  a  scanev.'hat  large  loss  of  their  mechanical 
oronerties  (b-'  5 — C  0/0,  as  comnared  with  Steel  3). 
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